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(57) ABSTRACT

A method of manufacturing an electronic component
includes preparing an unfired multilayer body including first
and second main surfaces facing each other 1n a stacking
direction, first and second side surfaces facing each other 1n
a width direction, and first and second end surfaces facing
cach other 1n a length direction, bonding one main surface
of the unfired multilayer body to an elongated first adhesive
sheet, conveying the first adhesive sheet 1n a first direction
in which the first adhesive sheet approaches an elongated
second adhesive sheet, and bonding one side surface of the
unfired multilayer body to the second adhesive sheet, con-
veying the second adhesive sheet in a second direction
different from the first direction to peel off the unfired
multilayer body from the first adhesive sheet, polishing
another side surface of the unfired multilayer body, and
forming a first insulating layer on the polished another side
surtface.
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METHOD OF MANUFACTURING
ELECTRONIC COMPONENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application No. 2019-092795 filed on May 16, 2019.

The entire contents of this application are hereby incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a method of manufactur-
ing an electronic component.

2. Description of the Related Art

Conventionally known 1s an electronic component includ-
ing a plurality of dielectric layers and a plurality of internal
clectrodes that are alternately stacked on one another, such
as a multilayer ceramic capacitor.

As one example of a method of manufacturing such an
clectronic component, Japanese Patent Laid-Open No.
09-153433 discloses a method of manufacturing an elec-
tronic component in the following manner. Specifically, an
unfired multilayer body 1s first fabricated, which 1s to be
formed as a multilayer body after firing that includes a
plurality of dielectric layers and a plurality of internal
clectrodes alternately stacked on one another so as to have
both side surfaces from which the internal electrodes are
exposed. Then, an 1nsulating layer 1s formed so as to cover
the internal electrodes exposed on both side surfaces of the
unfired multilayer body, which 1s then subjected to firing.
Then, an external electrode 1s formed on each of both end
surfaces of the unfired multilayer body. Thereby, the above-
mentioned electronic component 1s manufactured. An
unfired multilayer body can be fabricated by cutting a stack
of ceramic green sheets each having an internal electrode
pattern printed thereon.

In this case, each side surface of the unfired multilayer
body obtained by cutting the stack of ceramic green sheets
extends 1n parallel with the vertical direction. Thus, 1t 1s
difficult to form an imsulating layer on each side surface 1n
this state. In particular, for manufacturing a large number of
clectronic components, a method of efliciently forming an
insulating layer on each side surface of a multilayer body 1s
desirable. Japanese Patent Laying-Open No. 09-153433
however fails to disclose a specific method of efliciently
forming an insulating layer on each side surface of a
multilayer body.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide
methods of manufacturing an electronic component, by each
of which an 1nsulating layer 1s able to be efliciently formed
on each side surface of a multilayer body.

A method of manufacturing an electronic component
according to a preferred embodiment of the present inven-
tion 1s to manufacture an electronic component including at
least a multilayer body and an insulating layer that covers a
side surface of the multilayer body. The multilayer body
includes a plurality of dielectric layers and a plurality of
internal electrodes that are alternately stacked on one
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another. The method includes preparing an unfired multi-
layer body that 1s to be formed as the multilayer body after
firing, the unfired multilayer body including a first main
surface and a second main surface that face each other in a
stacking direction; a first side surface and a second side
surface that face each other 1n a width direction orthogonal
or substantially orthogonal to the stacking direction; and a
first end surface and a second end surface that face each
other 1n a length direction orthogonal or substantially
orthogonal to the stacking direction and the width direction;
bonding one main surface of the first main surface and the
second main surface of the unfired multilayer body to a first
adhesive sheet having an elongated shape; conveying the
first adhesive sheet having the one main surface of the
unfired multilayer body bonded thereto 1n a first direction in
which the first adhesive sheet approaches a second adhesive
sheet having an clongated shape, and bonding one side
surtace of the first side surface and the second side surface
of the unfired multilayer body to the second adhesive sheet;
conveying the second adhesive sheet 1n a second direction
different from the first direction to peel off the unfired
multilayer body bonded to the first adhesive sheet and the
second adhesive sheet from the first adhesive sheet; polish-
ing another side surface of the first side surface and the
second side surface of the unfired multilayer body having
the one side surface bonded to the second adhesive sheet;
and forming a first mnsulating layer on the polished another
side surface.

In the above-described method of manufacturing an elec-
tronic component, the internal electrodes include a first
internal electrode and a second internal electrode. The first
internal electrode and the second internal electrode before
firing are exposed at each of the first side surface and the
second side surface of the unfired multilayer body. In the
forming a first nsulating layer, a first imsulating sheet is
allixed to the polished another side surface. The method may
turther include peeling off the unfired multilayer body from
the second adhesive sheet to expose the one side surface;
polishing the exposed one side surface of the unfired mul-
tilayer body; and afhixing a second insulating sheet 1n order
to form a second insulating layer on the polished one side
surface.

In the above-described method of manufacturing an elec-
tronic component, the first mnsulating sheet 1s athxed to a
plurality of the another side surfaces of a plurality of the
unfired multilayer bodies, and the second insulating sheet 1s
allixed to a plurality of the one side surfaces of the unfired
multilayer bodies. The method may further include 1n a state
where the first insulating sheet as one sheet 1s atlixed to the
another side surfaces of the unfired multilayer bodies, and
the second 1nsulating sheet as one sheet 1s aflixed to the one
side surfaces of the unfired multilayer bodies, applying
pressing force from outside the first insulating sheet and the
second insulating sheet to each of the unfired multilayer
bodies, and cutting the first insulating sheet and the second
insulating sheet to separate the unfired multilayer bodies
from each other.

The first insulating sheet may have a surface on which an
adhesive layer 1s formed. The adhesive layer 1s higher 1n
adhesive strength than the first adhesive sheet and the
second adhesive sheet.

In the bonding one side surface of the first side surface
and the second side surface of the unfired multilayer body to
the second adhesive sheet, the unfired multilayer bodies
provided 1n a row may be simultaneously or substantially
simultaneously bonded to the second adhesive sheet. In the
cutting the first insulating sheet and the second insulating
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sheet to separate the unfired multilayer bodies from each
other, the pressing force may be applied to each of the
unfired multilayer bodies included 1n a prescribed number of
rows among the unfired multilayer bodies provided 1n rows.

The first direction and the second direction may form an
obtuse angle.

The first adhesive sheet may be lower in adhesive strength
than the second adhesive sheet.

According to methods of manufacturing an electronic
component according to preferred embodiments of the pres-
ent 1nvention, in the state where one main surface of the
unfired multilayer body 1s bonded to the first adhesive sheet
having an elongated shape, the first adhesive sheet 1s con-
veyed 1n the first direction 1n which the first adhesive sheet
approaches the second adhesive sheet having an elongated
shape, to thereby bond one side surface of the unfired
multilayer body to the second adhesive sheet. Then, by
conveying the second adhesive sheet 1n the second direction
different from the first direction, the unfired multilayer body
bonded to the first adhesive sheet and the second adhesive
sheet 1s peeled off from the first adhesive sheet. Then, the
exposed other side surface 1s polished, and thereafter, the
first insulating layer 1s formed. In other words, one main
surface of the unfired multilayer body 1s first bonded to the
first adhesive sheet, and thereafter, one side surface of the
unfired multilayer body 1s efliciently bonded to the second
adhesive sheet, to thereby allow easy formation of an
insulating layer on the another side surface. Thus, an 1nsu-
lating layer 1s able to be efliciently formed on each side
surface of the unfired multilayer body.

Furthermore, since an insulating layer 1s formed after
polishing the side surface, the occurrence of minutely small
gaps between the side surface and the insulating layer 1s able
to be significantly reduced or prevented, so that peeling off
of the insulating layer 1s able to be significantly reduced or
prevented.

The above and other elements, features, steps, character-
1stics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing a multilayer ceramic
capacitor as an example of an electronic component.

FIG. 2 1s a view of the multilayer ceramic capacitor
shown 1n FIG. 1 1n a cross section taken along a line II-II.

FIG. 3 1s a view of the multilayer ceramic capacitor
shown 1n FIG. 1 1n a cross section taken along a line II1-1I11.

FIG. 4 1s a perspective view of a multilayer body of the
multilayer ceramic capacitor.

FIG. 5 1s a flowchart showing an example of the steps of
manufacturing a multilayer ceramic capacitor according to a
preferred embodiment of the present invention.

FIG. 6 1s a perspective view of an unfired multilayer body.

FIG. 7 1s a plan view showing the state where the first
main surfaces of the unfired multilayer bodies are bonded to
the first adhesive sheet having an elongated shape.

FIG. 8 1s a diagram showing the first conveyance path
along which the first adhesive sheet 1s conveyed, and the
second conveyance path along which the second adhesive
sheet 1s conveyed.

FIG. 9A 15 a diagram showing a method of re-atlixing, to
the second adhesive sheet, the unfired multilayer body
bonded to the first adhesive sheet, and showing the state
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where the first adhesive sheet having the unfired multilayer
bodies bonded thereto 1s conveyed in the first direction.

FIG. 9B 1s a diagram showing a method of re-aflixing, to
the second adhesive sheet, the unfired multilayer body
bonded to the first adhesive sheet, and showing the state
where the first side surface of a leading unfired multilayer
body 1s bonded to the second adhesive sheet.

FIG. 9C 1s a diagram showing a method of re-athxing, to
the second adhesive sheet, the unfired multilayer body
bonded to the first adhesive sheet, and showing the state
where the unfired multilayer body 1s peeled oil from the first
adhesive sheet as a result of conveyance of the second
adhesive sheet 1n the second direction.

FIG. 10 1s a diagram showing the state where a rotary
polishing machine polishes the first side surfaces as the other
side surfaces of the unfired multilayer bodies.

FIG. 11 1s a diagram showing the state where another
rotary polishing machine polishes the first side surfaces as
the other side surfaces of the unfired multilayer bodies.

FIG. 12 1s a cross-sectional view showing the first insu-
lating sheet.

FIG. 13 1s a diagram showing the state where the unfired
multilayer bodies on the first insulating sheet having the
third adhesive sheet bonded thereto are peeled off from the
second adhesive sheet.

FIG. 14 1s a diagram showing the state where the second
insulating sheet 1s atlixed onto the second side surfaces as
one side surfaces of the unfired multilayer bodies.

FIGS. 15A and 15B each are a diagram showing an
example ol a method of cutting the first insulating sheet and
the second 1nsulating sheet to separate the unfired multilayer
bodies from each other.

FIGS. 16A and 16B each are a diagram showing another
method of cutting the first insulating sheet and the second
insulating sheet to separate the unfired multilayer bodies
from each other.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

Preferred embodiments of the present invention will be
hereinafter described to explain the features of the present
invention. In the following, a multilayer ceramic capacitor
will be described as an example of an electronic component
to be manufactured. It should be noted that the electronic
component includes at least a multilayer body including a
plurality of dielectric layers and a plurality of internal
clectrodes that are alternately stacked on one another and an
insulating layer that covers the side surface of the multilayer
body, but 1s not limited to such a multilayer ceramic capaci-
tor.

Multilayer Ceramic Capacitor

FIG. 1 1s a perspective view showing a multilayer ceramic
capacitor 10 as an example of an electronic component. FIG.
2 1s a view of multilayer ceramic capacitor 10 shown 1n FIG.
1 1n a cross section taken along a line II-II. FIG. 3 1s a view
of multilayer ceramic capacitor 10 shown 1n FIG. 1 1n a cross
section taken along a line III-1I1. FIG. 4 1s a perspective view
of a multilayer body 11 forming multilayer ceramic capaci-
tor 10.

As shown in FIGS. 1 to 3, multilayer ceramic capacitor 10
has a rectangular parallelepiped or substantially rectangular
parallelepiped shape, and 1ncludes a multilayer body 11, a
first insulating layer 12, a second insulating layer 13, a first
external electrode 14a, and a second external electrode 145.
First external electrode 14a and second external electrode

14H tace each other as shown in FIG. 1.
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The direction 1n which first external electrode 14a and
second external electrode 145 face each other 1s defined as
a length direction L of multilayer ceramic capacitor 10. The
direction 1n which a first internal electrode 15a and a second
internal electrode 156 (each of which 1s described herein)
are stacked on each other 1s defined as a stacking direction
T. The direction orthogonal or substantially orthogonal to
cach of length direction L and stacking direction T 1s defined
as a width direction W. As shown 1n FIG. 1, length direction
L. 1s orthogonal or substantially orthogonal to stacking
direction T and width direction W.

Multilayer ceramic capacitor 10 includes a corner portion
and a rnidgeline portion, each of which 1s rounded. The corner
portion 1s a portion at which three planes of multilayer
ceramic capacitor 10 cross each other. The ridgeline portion
1s a portion at which two planes of multilayer ceramic
capacitor 10 cross each other.

As shown 1 FIG. 4, multilayer body 11 includes a first
end surface 17a and a second end surface 175 that face each
other 1 length direction L, a first main surface 18a and a
second main surface 185 that face each other in stacking
direction T, and a first side surface 194 and a second side
surface 1956 that face each other 1n width direction W.

First end surface 17a and second end surface 175 extend
in width direction W and stacking direction T. First main
surface 18a and second main surface 186 extend 1n length
direction L and width direction W. First side surface 194 and
second side surface 196 extend in length direction L and
stacking direction T.

As shown 1n FIGS. 2 and 3, multilayer body 11 includes
an 1ner layer portion 21 and an outer layer portion 22.

Inner layer portion 21 includes internal electrodes 13a,
1556 and a dielectric layer 16. The internal electrodes include
a first internal electrode 154 and a second internal electrode
15b. Dielectric layer 16 1s sandwiched between first internal
clectrode 154 and second internal electrode 1556. A plurality
of first internal electrodes 15a and a plurality of second
internal electrodes 156 are alternately stacked on one
another with dielectric layer 16 interposed between the
plurality of first internal electrodes 15a and the plurality of
second 1nternal electrodes 155, to thus form inner layer
portion 21.

First internal electrode 15a and second internal electrode
156 face each other in stacking direction T with dielectric
layer 16 interposed between the plurality of first internal
clectrodes 154 and the plurality of second internal electrodes
15b6. Capacitance occurs by the portion where first internal
clectrode 15a and second internal electrode 155 face each
other with dielectric layer 16 interposed between the plu-
rality of first internal electrodes 15a and the plurality of
second 1nternal electrodes 1565.

Dielectric layer 16 preferably includes a plurality of
crystalline particles each including Ba and Ti, and each
having a perovskite-type structure, for example.

Dielectric layer 16 extends in width direction W and
length direction L. First internal electrode 15a has a flat plate
shape along dielectric layer 16 and extends to first end
surface 17a of multilayer body 11. Second internal electrode
156 has a flat plate shape along dielectric layer 16 and
extends to second end surface 175 of multilayer body 11.

Furthermore, first internal electrode 154 and second 1nter-
nal electrode 155 are exposed at each of first side surface
19a and second side surface 196 of multilayer body 11.

First internal electrode 15a and second internal electrode
155 each preferably includes Ni, for example. In addition to
Ni, first internal electrode 154 and second internal electrode
156 each may include metal, for example, Cu, Ag, Pd, an
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Ag-Pd alloy, and Au. Furthermore, first internal electrode
15a and second internal electrode 1556 each may include the
same or similar dielectric particles as those of dielectric
layer 16.

Outer layer portion 22 1s provided on both sides of 1nner
layer portion 21 in stacking direction T, and more specifi-
cally, provided on both sides of the internal electrodes 1n
stacking direction T that are located on both outermost sides
in stacking direction T among the plurality of first internal
clectrodes 154 and the plurality of second internal electrodes
15b6. In other words, mner layer portion 21 1s sandwiched
between two outer layer portions 22 provided on both
outsides 1n stacking direction 1. Outer layer portion 22 1s a
region in which first iternal electrode 15a and second
internal electrode 156 do not appear 1n a view, seen 1n length
direction L, of an optional cross section of multilayer body
11 that extends 1n stacking direction T and width direction
W. Outer layer portion 22 1s preferably made of the same or
similar material as that of dielectric layer 16, for example.

First insulating layer 12 1s 1n contact with first side surface
19a of multilayer body 11 to cover first side surface 19a.
Second 1nsulating layer 13 i1s 1n contact with second side
surface 196 of multilayer body 11 and covers second side
surface 19b. In other words, multilayer body 11 1s sand-
wiched between the first insulating layer 12 and the second
insulating layer 13 from both sides 1n width direction W.

As described below, first insulating layer 12 and second
insulating layer 13 each have a two-layer structure. How-
ever, first insulating layer 12 and second 1nsulating layer 13
cach may include three or more layers or may include one
layer. Furthermore, the material of each of first msulating
layer 12 and second insulating layer 13 may be the same or
substantially the same as or diflerent from that of dielectric
layer 16.

As shown 1in FIG. 1, first external electrode 14a 1s
provided over the entire or substantially the entire first end
surface 17a of multilayer body 11 and over the entire or
substantially the entire ends of first insulating layer 12 and
second 1nsulating layer 13 on the first end surface 17a side,
and extends therefrom partially over both sides 1n stacking
direction T and both sides in width direction W. First
external electrode 14a 1s electrically connected to first
internal electrode 13a.

As shown 1n FIG. 1, second external electrode 1454 1s
provided over the entire or substantially the entire second
end surface 175 of multilayer body 11 and over the entire or
substantially the entire ends of first insulating layer 12 and
second insulating layer 13 on the second end surface 175
side, and extends therefrom partially over both sides 1n
stacking direction T and both sides in width direction W.
Second external electrode 146 1s electrically connected to
second internal electrode 155.

First external electrode 14a and second external electrode
145 each include an underlying electrode layer and a plated
layer that 1s provided on the underlying electrode layer, for
example.

The underlying electrode layer includes at least one of
layers, for example, a baked electrode layer, a resin electrode
layer, and a thin electrode layer, as will be described below.

The baked electrode layer may include glass and metal,
and may include one layer or two or more layers. The baked
clectrode layer preferably includes metal, for example, Cu,
N1, Ag, Pd, and Au, or an alloy of Ag and Pd.

The baked electrode layer 1s formed by baking a multi-
layer body to which an electrically conductive paste includ-
ing glass and metal has been applied. Baking may be
performed simultaneously or substantially simultaneously
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with firing of the unfired multilayer body or may be per-
tformed after firing of the unfired multilayer body.

The resin electrode layer may be a layer including elec-
trically conductive particles and a thermosetting resin, for
example. When the resin electrode layer i1s provided, the
resin electrode layer may be provided directly on the mul-
tilayer body without providing a baked electrode layer. The
number of resin electrode layers may be one or may be more
than one.

The thin electrode layer 1s preferably formed by deposi-
tion of metal particles and having a thickness of about 1 um
or less, for example. The thin electrode layer may be formed
by known thin-film forming methods, for example, a sput-
tering method or an evaporation method.

The plated layer provided on the underlying electrode
layer preferably includes metal, for example, Cu, N1, Ag, Pd,
and Au, or an alloy of Ag and Pd. The number of plated
layers may be one or may be more than one. The plated layer
preferably has, for example, a two-layer structure including
an Ni-plated layer and an Sn-plated layer. The Ni-plated
layer significantly reduces or prevents the underlying elec-
trode layer from being eroded by the solder that mounts
multilayer ceramic capacitor 10. The Sn-plated layer sig-
nificantly increases the wettability of the solder that mounts
multilayer ceramic capacitor 10.

Also, first external electrode 14a and second external
clectrode 146 do not have to include the above-described
underlying electrode layer, but may include a plated layer
that 1s directly provided on multilayer body 11. The plated
layer 1s directly connected to first internal electrode 15a or
second internal electrode 155.

Method of Manufacturing Multilayer Ceramic Capacitor

The following 1s an explanation about an example of a
method of manufacturing multilayer ceramic capacitor 10
according to a preferred embodiment of the present inven-
tion having the above-described structure. FIG. 5 1s a
flowchart showing an example of the steps of manufacturing
multilayer ceramic capacitor 10.

In step S1 1n FIG. 5, an unfired multilayer body that 1s to
be formed as multilayer body 11 after firing 1s prepared. The
unfired multilayer body may be prepared in advance or may
be produced by conventionally known methods. For
example, a plurality of ceramic green sheets each including
an eclectrically conductive paste for internal electrodes
applied thereto are stacked on one another and cut into
pieces each having a prescribed size. Thus, an unfired
multilayer body 1s able to be produced.

FIG. 6 1s a perspective view of an unfired multilayer body
110. Unfired multilayer body 110 includes a first main
surface 180a and a second main surface 1805 that face each
other 1n stacking direction T, a first side surface 190a and a
second side surface 1906 that face each other in width
direction W orthogonal or substantially orthogonal to stack-
ing direction T, and a first end surface 170q and a second end
surface 1706 that face each other in length direction L
orthogonal or substantially orthogonal to stacking direction
T and width direction W.

At first end surface 170a of unfired multilayer body 110,
the first internal electrode before firing (that 1s, a first unfired
internal electrode 150a) 1s exposed. At second end surface
1706 of unfired multilayer body 110, the second internal
clectrode before firing (that 1s, a second unfired internal
clectrode 1505) 1s exposed. Also, first unfired internal elec-
trode 150a and second unfired internal electrode 1506 are
exposed at each of first side surface 190a and second side
surface 1905 of unfired multilayer body 110.
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In step S2 after step S1, one main surface of first main
surface 180a and second main surface 1806 of each unfired
multilayer body 110 1s bonded to the first adhesive sheet
having an elongated shape. In the following description, one
main surface of first main surface 180a and second main
surtace 1805 1s defined as first main surface 180a while the
other main surface of first main surface 180a and second
main surface 1805 1s defined as second main surtface 1805,
but one main surface may be defined as second main surface
1806 while the other main surface may be defined as first
main surface 180a.

FIG. 7 1s a diagram showing the state where first main
surfaces 180a of unfired multilayer bodies 110 are bonded to
a first adhesive sheet 31 having an elongated shape. A
plurality of unfired multilayer bodies 110 are bonded to first
adhesive sheet 31, and the plurality of unfired multilayer
bodies 110 are provided in a row 1n the short-side direction
orthogonal or substantially orthogonal to the long-side direc-
tion of first adhesive sheet 31 and provided 1n a plurality of
rows 1n the long-side direction.

In step S3 after step S2, first adhesive sheet 31 including
first main surface 180a of each unfired multilayer body 110
bonded thereto 1s conveyed in the first direction 1 which
first adhesive sheet 31 approaches the second adhesive sheet
having an elongated shape, to bond one side surface of first
side surface 190q and second side surface 1905 of each
unfired multilayer body 110 to a second adhesive sheet 32.
In the following description, one side surface of first side
surface 190aq and second side surface 1905 1s defined as
second side surface 19056 while the other side surface of first
side surface 190a and second side surface 1905 1s defined as
first side surface 190qa, but one side surface may be defined
as 1irst side surface 1904 while the other side surface may be
defined as second side surface 1905.

FIG. 8 1s a diagram showing a first conveyance path 11
along which first adhesive sheet 31 1s conveyed, and a
second conveyance path T2 along which second adhesive
sheet 32 1s conveyed. First adhesive sheet 31 1s conveyed
along first conveyance path 11 1n a first direction Y1 toward
a re-aflixing position 40, and thereafter, conveyed 1n a third
direction Y3 and moved away from re-athxing position 40.

Second adhesive sheet 32 1s conveyed along second
conveyance path T2 in a fourth direction Y4 toward re-
alhixing position 40, and thereafter, conveyed 1n a second
direction Y2 and moved away from re-aflixing position 40.

First adhesive sheet 31 1s preferably lower 1n adhesive
strength than second adhesive sheet 32, for example. As first

adhesive sheet 31 1s lower 1n adhesive strength than second
adhesive sheet 32, each unfired multilayer body 110 bonded
to first adhesive sheet 31 and second adhesive sheet 32 1s
readily peeled off from first adhesive sheet 31, as described
below.

FIGS. 9A to 9C each are a diagram showing a method of
re-aflixing, to second adhesive sheet 32, unfired multilayer
body 110 bonded to first adhesive sheet 31. FIG. 9A shows
the state where first adhesive sheet 31 including first main
surfaces 180a of unfired multilayer bodies 110 bonded
thereto 1s conveyed in first direction Y1. At this time, second
side surface 1906 as one side surface of each unfired
multilayer body 110 faces forward 1n the conveyance direc-
tion.

FIG. 9B shows the state where second side surface 1905
of each unfired multilayer body 110 in a leading row 1is
bonded to second adhesive sheet 32. As described above, a
plurality of unfired multilayer bodies 110 are bonded in rows
to first adhesive sheet 31. Accordingly, the plurality of
unfired multilayer bodies 110 provided 1n a line or substan-
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tially 1n a line 1n a leading row are simultaneously or
substantially simultaneously bonded to second adhesive
sheet 32. In this state, the plurality of unfired multilayer
bodies 110 in the leading row are bonded to each of first
adhesive sheet 31 and second adhesive sheet 32.

In step S4 after step S3 in FIG. 3, second adhesive sheet
1s conveyed 1n second direction Y2 different from {irst
direction Y1, to thus peel oil unfired multilayer bodies 110
bonded to first adhesive sheet 31 and second adhesive sheet
32 from first adhesive sheet 31. Second direction Y2 extends
away from re-athixing position 40.

FIG. 9C 1s a diagram showing the state where unfired
multilayer body 110 bonded to first adhesive sheet 31 and
second adhesive sheet 32 15 peeled off from first adhesive
sheet 31 as a result of conveyance of second adhesive sheet
32 1n second direction Y2.

Subsequently, unfired multilayer bodies 110 bonded to
first adhesive sheet 31 are sequentially conveyed to re-
aihixing position 40, and re-aflixed to second adhesive sheet
32.

An angle 0 (see FIG. 8) between first direction Y1 and

second direction Y2 i1s preferably an obtuse angle, for
example. When angle 0 between first direction Y1 and
second direction Y2 1s about 90° or less, unfired multilayer
body 110 bonded to second adhesive sheet 32 may collide
with a subsequent unfired multilayer body 110 that 1s
conveyed while being bonded to first adhesive sheet 31. In
contrast, in the case where angle 0 formed between first
direction Y1 and second direction Y2 1s an obtuse angle,
unfired multilayer body 110 bonded to second adhesive
sheet 32 1s moved away from an approaching subsequent
unfired multilayer body 110 as shown 1n FIG. 9C, so that
collision between the unfired multilayer body 110 bonded to
second adhesive sheet 32 and the subsequent unfired mul-
tilayer body 110 i1s able to be significantly reduced or
prevented.

Furthermore, second adhesive sheet 32 1s preferably con-
veyed at a speed higher than that of first adhesive sheet 31,
for example. Second adhesive sheet 32 1s conveyed at a
speed higher than that of first adhesive sheet 31, which 1s

able to significantly reduce or prevent collision between
unfired multilayer body 110 bonded to second adhesive
sheet 32 and a subsequent unfired multilayer body 110 that
1s conveyed while being bonded to first adhesive sheet 31.
Particularly in the case where the distance between unfired
multilayer bodies 110 bonded to first adhesive sheet 31 1s
relatively narrow, collision 1s able to be significantly reduced
or prevented between uniired multilayer body 110 bonded to
second adhesive sheet 32 and a subsequent unfired multi-
layer body 110 that 1s conveyed while being bonded to first
adhesive sheet 31.

First adhesive sheet 31 and second adhesive sheet 32 may
be conveyed continuously or may be conveyved intermit-
tently. In the case where first adhesive sheet 31 and second
adhesive sheet 32 are conveyed intermittently, for example,
when first adhesive sheet 31 1s conveyed to bond unfired
multilayer body 110 to second adhesive sheet 32, convey-
ance ol first adhesive sheet 31 i1s stopped. Then, when
second adhesive sheet 32 1s conveyed to thereby peel off
unfired multilayer body 110 from first adhesive sheet 31,
conveyance of first adhesive sheet 31 1s resumed.

Step S5 after step S4 1n FIG. 5 includes polishing the other
side surface of first side surface 190a and second side
surtace 1905 of each unfired multilayer body 110 including
one side surface bonded to second adhesive sheet 32. In
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other words, 1n the state where one side surface 1s bonded to
second adhesive sheet 32, the other side surface 1s exposed,
and therefore, polished.

The other side surface of unfired multilayer body 110 1s
able to be polished, for example, by a rotary polishing
machine. However, the polishing method 1s not limited to

the method by a rotary polishing machine, but may be any
method.

FIG. 10 1s a diagram showing the state where a rotary
polishing machine 50 polishes first side surfaces 190q as the
other side surfaces of unfired multilayer bodies 110. Rotary
polishing machine 50 has a cylindrical or substantially
cylindrical shape including an outer circumiferential surface
50a that defines and functions as a polishing surface. Thus,
to polish first side surface 190a of unfired multilayer body
110, in the state where outer circumierential surface 50a of
rotary polishing machine 50 1s pressed against first side
surface 190a of unfired multilayer body 110, outer circum-
terential surface 50a 1s rotated in the circumierential direc-
tion, to thereby polish first side surface 190a. Since a
plurality of unfired multilayer bodies 110 are bonded in rows
to second adhesive sheet 32, first side surfaces 190a of the
plurality of unfired multilayer bodies 110 provided in rows
are able to be simultaneously or substantially simultaneously
polished.

FIG. 11 1s a diagram showing the state where another
rotary polishing machine 51 polishes first side surfaces 190a
as the other side surfaces of unfired multilayer bodies 110.
This rotary polishing machine 51 has a cylindrical or sub-
stantially cylindrical shape including a circular or substan-
tially circular surface 51a 1n a plan view. This circular or
substantially circular surface 51a defines and functions as a
polishing surface.

By polishing first side surface 190a as the other side
surface of each unfired multilayer body 110, any foreign
matters existing on first side surface 190aq are able to be
removed, and an occurrence of a gap between first side
surface 190a and the first insulating sheet 1s able to be
significantly reduced or prevented (as described herein).
Accordingly, peeling off of first insulating layer 12 in
multilayer body 11 after firing 1s able to be significantly
reduced or prevented.

In step S6 after step S5 1n FIG. 5, 1n order to form the first
insulating layer, the first msulating sheet having an elon-
gated shape 1s atlixed onto the polished other side surface of
cach unfired multilayer body 110. The first insulating sheet
1s sized to be aflixed onto the other side surfaces of the
plurality of unfired multilayer bodies 110. One first mnsulat-
ing sheet 1s aflixed onto the other side surfaces of the
plurality of unfired multilayer bodies 110.

FIG. 12 1s a cross-sectional view showing a first insulating,
sheet 61. First mnsulating sheet 61 includes an insulating
layer 61a and an adhesive layer 61b. The material of
insulating layer 61a may be substantially the same as or
different from the matenial of dielectric layer 16.

Adhesive layer 615 1s higher in adhesive strength than
first adhesive sheet 31 and second adhesive sheet 32. Adhe-
sive layer 615 1s provided on the surface of first insulating
sheet 61 and 1s to be bonded to the other side surface of each
unfired multilayer body 110.

It should be noted that first imsulating sheet 61 may
include three or more layers or may include one insulating
layer including an adhesive material.

In step S7 after step S6 in FIG. 5, unfired multilayer
bodies 110 are peeled off from second adhesive sheet 32 to
expose one side surfaces of unfired multilayer bodies 110.
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The third adhesive sheet having an elongated shape 1s
bonded to first insulating sheet 61, and then, each unfired
multilayer body 110 1s peeled off from second adhesive sheet
32. The third adhesive sheet 1s preferably higher 1n adhesive
strength than second adhesive sheet 32, for example. FIG. 13
1s a diagram showing the state where unfired multilayer
bodies 110 on first insulating sheet 61 having a third
adhesive sheet 33 bonded thereto are peeled ofl from second
adhesive sheet 32.

The method of peeling off unfired multilayer bodies 110
from second adhesive sheet 32 1s not limited to the above-
described method. The adhesive strength of second adhesive
sheet 32 may be weakened before second adhesive sheet 32
1s peeled ofl. For example, when second adhesive sheet 32
includes the material having adhesive strength that 1s weak-
ened by heating, second adhesive sheet 32 1s heated. When
second adhesive sheet 32 includes the material having
adhesive strength that 1s weakened by ultraviolet 1rradiation,
second adhesive sheet 32 1s irradiated with ultraviolet rays.

Step S8 after step S7 1n FIG. 5 includes polishing one side
surfaces of unfired multilayer bodies 110 that are exposed as
a result of peeling off of second adhesive sheet 32. Second
side surface 1905 as one side surface 1s able to be polished
by the method similar to the method to polish first side
surface 190q as the other side surface. By polishing second
side surface 1905 as one side surface of each unfired
multilayer body 110, any foreign matters existing on second
side surface 19054 are able to be removed, and an occurrence
ol a gap between second side surtface 1905 and the second
insulating sheet 1s able to be significantly reduced or pre-
vented (as described herein). Thus, peeling off of second
insulating layer 13 1n multilayer body 11 after firing 1s able
to be significantly reduced or prevented.

In step S9 after step S8 in FIG. 5, 1 order to form the
second 1nsulating layer, the second insulating sheet having
an elongated shape 1s aflixed onto the polished one side
surfaces of unfired multilayer bodies 110. The second insu-
lating sheet may include the same or similar insulating sheet
as first msulating sheet 61 that includes an msulating layer
and an adhesive layer. The second insulating sheet 1s sized
to be athixed onto one side surfaces of the plurality of unfired
multilayer bodies 110. Thus, one second insulating sheet 1s
alixed onto one side surfaces of the plurality of unfired
multilayer bodies 110.

FIG. 14 1s a diagram showing the state where a second
insulating sheet 62 1s atlixed onto second side surfaces 19056
as one side surfaces of the plurality of unfired multilayer
bodies 110.

Then, third adhesive sheet 33 1s peeled off. Third adhesive
sheet 33 1s able to be peeled off by any method, but 1s peeled
ofl after its adhesive strength 1s weakened, for example.

In step S10 after step S9 in FIG. 5, first insulating sheet
61 and second insulating sheet 62 are cut to separate unfired
multilayver bodies 110 from each other. Specifically, in the
state where one first msulating sheet 61 1s aflixed onto the
other side surfaces of the plurality of unfired multilayer
bodies 110 and one second insulating sheet 62 1s atlixed onto
one side surfaces of the plurality of unfired multilayer bodies
110, pressing force 1s applied from outside first insulating
sheet 61 and second 1nsulating sheet 62 to unfired multilayer
bodies 110. Thus, first mnsulating sheet 61 and second
insulating sheet 62 are cut to separate unfired multilayer
bodies 110 from each other.

In order to ensure uniform surface pressure to be applied
to each unfired multilayer body 110, a pressing force i1s
preferably applied to each of the plurality of unfired multi-
layer bodies 110 included 1n a prescribed number of rows
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among uniired multilayer bodies 110 provided in a plurality
of rows, for example. The prescribed number of rows may
be one row, for example. However, the prescribed number of
rows 1s not limited to one row, but may be two rows, three
rows, and the like.

FIGS. 15A and 15B ecach are a diagram showing an
example of a method of cutting first insulating sheet 61 and
second insulating sheet 62 to separate unfired multilayer
bodies 110 from each other. As shown 1n FIG. 15A, first
insulating sheet 61, unfired multilayer bodies 110 and sec-
ond insulating sheet 62 are sandwiched between a pair of
rollers 70a and 7054. In this state, while rotating the pair of
rollers 70a and 70b, pressing force 1s applied to unfired
multilayer bodies 110 from outside first insulating sheet 61
and second insulating sheet 62.

A shear force 1s applied to each of first insulating sheet 61
and second 1nsulating sheet 62 between the region 1n contact
with unfired multilayer body 110 and the region not in
contact with unfired multilayer body 110. By this shear
force, first insulating sheet 61 and second 1nsulating sheet 62
are cut between the region 1n contact with unfired multilayer
body 110 and the region not 1n contact with unfired multi-
layer body 110, as shown 1n FIG. 15B.

In the case where the above-described prescribed number
of rows 1s one row, first insulating sheet 61 and second
insulating sheet 62 are cut to separate the plurality of unfired
multilayer bodies 110 included 1n one row from each other.

FIGS. 16A and 16B each are a diagram showing another
method of cutting first insulating sheet 61 and second
insulating sheet 62 to separate unfired multilayer bodies 110
from each other. As shown 1n FIG. 16 A, first insulating sheet
61, unfired multilayer bodies 110 and second insulating
sheet 62 are sandwiched between a pair of pressing elements
80a and 8054. The surfaces of pressing elements 80a and 805
that come 1nto contact with at least first insulating sheet 61
or second insulating sheet 62 preferably include an elastic
body such as rubber, for example.

In the state where first mnsulating sheet 61, unfired mul-
tilayer bodies 110 and second insulating sheet 62 are sand-
wiched between the pair of pressing elements 80a and 805,
pressing force 1s applied to unfired multilayer bodies 110
from outside first insulating sheet 61 and second insulating
sheet 62. Thus, shear force 1s applied to first insulating sheet
61 and second insulating sheet 62 between the region 1n
contact with each unfired multilayer body 110 and the region
not 1n contact with each unfired multilayer body 110. Thus,
first mnsulating sheet 61 and second insulating sheet 62 are
cut to separate unfired multilayer bodies 110 from each other
as shown in FIG. 16B.

In step S11 after step S10 1n FIG. 5, an unfired multilayer
body 110 1s fired that includes first side surface 190a to
which the cut first insulating sheet 61 1s aflixed and second
side surface 1905 to which the cut second 1nsulating sheet 62
1s ailixed. By firing, unfired multilayer body 110 1s formed
into multilayer body 11, the cut first insulating sheet 61 1s
formed into first mnsulating layer 12, and the cut second
insulating sheet 62 1s formed into second 1nsulating layer 13.

In step S12 after step S11, first external electrode 14a and
second external electrode 145 are formed. Also, after apply-
ing an external electrode paste to unfired multilayer body
110 having the cut first insulating sheet 61 and the cut
second mnsulating sheet 62 aflixed thereto, the resultant may
be simultaneously or substantially simultaneously fired.

Thus, multilayer ceramic capacitor 10 1s provided by the
above-described manufacturing steps.

While preferred embodiments of the present invention
have been described above, it 1s to be understood that
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variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. A method of manufacturing an electronic component
including at least a multilayer body and an insulating layer
that covers a side surface of the multilayer body, the
multilayer body including a plurality of dielectric layers and
a plurality of internal electrodes that are alternately stacked
on one another, the method comprising:

preparing an unfired multilayer body that 1s to be formed

as the multilayer body after firing, the unfired multi-

layer body including:

a first main surface and a second main surface that are
opposite to each other i a stacking direction;

a first side surface and a second side surface that are
opposite to each other 1n a width direction substan-
tially orthogonal to the stacking direction; and

a first end surface and a second end surface that are
opposite to each other 1n a length direction substan-
tially orthogonal to the stacking direction and the
width direction;

bonding one main surface of the first main surface and the

second main surface of the unfired multilayer body to

a first adhesive sheet having an elongated shape;

conveving the first adhesive sheet having the one main

surface of the unfired multilayer body bonded thereto in

a first direction in which the first adhesive sheet

approaches a second adhesive sheet having an elon-

gated shape, and bonding one side surface of the first
side surface and the second side surface of the unfired
multilayer body to the second adhesive sheet;

conveying the second adhesive sheet 1n a second direction
different from the first direction to peel off the unfired
multilayer body bonded to the first adhesive sheet and
the second adhesive sheet from the first adhesive sheet:

removing foreign matters from the other side surface of
the first side surface and the second side surface of the
unfired multilayer body having the one side surface
bonded to the second adhesive sheet; and

forming a first insulating layer on the other side surface

from which the foreign matters have been removed.

2. The method of manufacturing an electronic component
according to claim 1, wherein

the plurality of internal electrodes includes a first internal

electrode and a second internal electrode;

the unfired first internal electrode and the unfired second

internal electrode are exposed at each of the first side

surface and the second side surface of the unfired
multilayer body;

in the forming the first insulating layer, a first insulating
sheet 15 atlixed to the other side surface from which the

foreign matters have been removed; and
the method further includes:

peeling ofl the unfired multilayer body from the second

adhesive sheet to expose the one side surtace;

polishing the exposed one side surface of the unfired
multilayer body; and

allixing a second insulating sheet 1n order to form a
second 1nsulating layer on the one side surface that
has been polished.

3. The method of manufacturing an electronic component
according to claim 2, wherein

the first msulating sheet 1s aflixed to a plurality of the

other side surfaces of a plurality of the unfired multi-

layer bodies;
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the second insulating sheet 1s aflixed to a plurality of the
one side surfaces of the unfired multilayer bodies; and
the method turther includes:

in a state where the first insulating sheet as one sheet 1s

"y

aflixed to the other side surfaces of the unfired
multilayer bodies, and the second insulating sheet as
one sheet 1s aflixed to the one side surfaces of the
unfired multilayer bodies, applying pressing force
from outside the first insulating sheet and the second
insulating sheet to each of the unfired multilayer
bodies, and cutting the first insulating sheet and the
second 1nsulating sheet to separate the unfired mul-
tilayer bodies from each other.

4. The method of manufacturing an electronic component
according to claim 3, wherein

in the bonding the one side surface of the first side surface

and the second side surface of the unfired multilayer
body to the second adhesive sheet, the unfired multi-
layer bodies are provided 1n a row and are substantially
simultaneously bonded to the second adhesive sheet;
and

in the cutting the first insulating sheet and the second

insulating sheet to separate the unfired multilayer bod-
1ies from each other, the pressing force 1s applied to each
of the unfired multilayer bodies icluded mn a pre-
scribed number of rows among the unfired multilayer
bodies provided in rows.

5. The method of manufacturing an electronic component
according to claim 2, wherein the first sulating sheet
includes a surface on which an adhesive layer 1s formed, and
the adhesive layer 1s higher 1n adhesive strength than the first
adhesive sheet and the second adhesive sheet.

6. The method of manufacturing an electronic component
according to claim 1, wherein the first direction and the
second direction define an obtuse angle.

7. The method of manufacturing an electronic component
according to claim 1, wherein the first adhesive sheet 1s
lower 1n adhesive strength than the second adhesive sheet.

8. The method of manufacturing an electronic component
according to claim 1, wherein each of the plurality of
internal electrodes includes Ni.

9. The method of manufacturing an electronic component
according to claim 1, wherein each of the plurality of
internal electrodes includes a plurality of dielectric particles.

10. The method of manufacturing an electronic compo-
nent according to claim 1, wherein each of the plurality of
dielectric layers includes a plurality of crystalline particles
cach including Ba and Ti.

11. The method of manufacturing an electronic compo-
nent according to claim 1, further comprising a step of
forming a first external electrode and a second external
clectrode.

12. The method of manufacturing an electronic compo-
nent according to claim 11, wherein

the first external electrode covers substantially an entire

surface of the first end surface of the multilayer body;
and

the second external electrode covers substantially an

entire surface of the second end surface of the multi-
layer body.

13. The method of manufacturing an electronic compo-
nent according to claim 11, wherein

the plurality of internal electrodes include at least a first

internal electrode and a second internal electrode:

the first external electrode 1s electrically connected to the

first internal electrode; and
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the second external electrode 1s electrically connected to

the second internal electrode.

14. The method of manufacturing an electronic compo-
nent according to claim 1, wherein the first external elec-
trode and the second external electrode each include an
underlying electrode layer and a plated layer that 1s provided
on the underlying electrode layer.

15. The method of manufacturing an electronic compo-
nent according to claim 1, wherein the second adhesive sheet
1s conveyed at a speed higher than a speed at which the first
adhesive sheet 1s conveyed.

16. The method of manufacturing an electronic compo-
nent according to claim 2, further comprising peeling off a
third adhesive sheet from the first msulating sheet.

x x * Cx x
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